Abstract-Video conferencing service requires a multicast tree to distribute its multimedia contents to all participants. Link cost is very important in building such media distribution trees. In this research work, a multi-variable cost function is proposed. This cost function can calculate links' costs based on both network resources and application's requirements. Since participants may join the conference using either a high speed wireless network such as WiMAX or fixed (heterogeneous) networks, we construct a scalable video conferencing service on an overlay network of a simulated Internet topology and a real WiMAX network and apply the newly proposed cost function for building the multimedia distribution tree for the service. Some participants join the conference from the WiMAX network and others from the Internet. An intensive evaluation platform has been built to evaluate the performance of the newly proposed cost function. The collected real measurement data have validated the advanced performance of the new cost function in the rapidly changing heterogeneous network environment.
I. Introduction
Multi-party video conferencing service is the most complicated type of communication because of its many-tomany nature. In order to build a video conference service on the Internet, a multicast mechanism is required. The Internet was originally built for unicast or one-to-one applications. Nowadays, it has to serve a large number of multimedia services such as video streaming, multimedia conference. These types of multicast services put a big load on the unicast infrastructure of the Internet. Therefore, a multicast mechanism is required in order to serve the modern many-to-many multimedia services on the Internet. IP-Multicast [1] is the first attempt to solve this problem. However, many deploying problems are still preventing IP-Multicast from being supported worldwide [2] . An alternative solution is Application Level Multicast(ALM). The key concept of ALM is the implementation of multicasting functionality as an application service instead of a network service. It has excellent advantages over IPMulticast: easier and possibly immediate deployment over the Internet without any modification of the current infrastructure and adaptable to a specific application. In a tree-push ALM, a data distribution tree is built first, then the data is actively distributed from the source node to intermediate peers until reaching all peers in the multicast tree [3] . In order to build an ALM distribution tree, we must have costs of all available end-to-end links. Those costs can only be calculated by using a cost function. The contributions of this research are:
• Design a new multi-variable cost function of the endto-end delay and bandwidth taking into account advantages of application layer links, • Propose an evaluation platform for the scalable video conference service built from the new cost function, • Collect real measurement data for validating the advanced performance of the new cost function in the rapidly changing heterogeneous network environment.
The research work is an extension to the original work proposed in [4] [5] . After having proposed the new multivariable cost function, it is necessary to evaluate its performance. Since it has been proved that SVC (Scalable Video Coding) content can resist better in the heterogeneous environment of the overlay network [6] [7] , therefore an evaluation platform of the newly proposed multi-variable cost function with SVC content is highly required. The general architecture of the evaluation platform is demonstrated in Fig.1 . Video conferencing service requires a multicast tree to distribute its multimedia contents to all participants. Link cost is very important in building such media distribution trees. Since participants may join the conference using either a high speed wireless network such as WiMAX or fixed (heterogeneous) networks, we construct a scalable video conferencing service on an overlay network of a simulated Internet topology and a real WiMAX network and apply the newly proposed cost function for building the multimedia distribution tree for the service. Some participants join the conference from the WiMAX network and others from the Internet. An intensive evaluation platform has been built to evaluate the performance of the newly proposed cost function. The collected real measurement data have validated the advanced performance of the new cost function in the rapidly changing heterogeneous network environment.
We have built an extended evaluation platform from our original evaluation platform for scalable video transmission (EvalSVC [8] ). This platform provides measurement data of a scalable video conference service on heterogeneous environment of real WiMAX network with real WiMAX BSS, real WiMAX core network, and two participants joining the conference using two real WiMAX terminals (more de- 
II. Multi-variable cost function
Conventional cost functions are either empirical or heuristic. Among all available cost functions for ALM routing that we have found, neither of them has a mathematical derivation nor a clear citation. In most of the ALM routing algorithms, the state of the network, on which the routing algorithm is presented, readily associates some costs with each link. Thus they do not address how the link cost function should be defined so as to efficiently distribute allocated resources over the network [9] [10][11] [12] . This again raises needs for a new multi-variable cost function. Assuming that we have an overlay with application peers and end-to-end-links, in order to form a tree for data delivery, we need costs of all those end-to-end links. These costs must be calculated by a cost function. To take into account several QoS parameters simultaneously, the cost function must be a multi-variable function. QoS parameters can be a bandwidth-type (meaning that the requested bandwidth is always smaller than or equal to the maximum available bandwidth) or delay-type (meaning that the requested delay is always greater than or equal to the minimum available delay). On each end-to-end link, we have to consider variable requirements from applications running on the P2P-based overlay. For example, an application can be a scalable video service with different video coding layers or it can be a multimedia flux comprising of video, audio, text, data sub-streams, each has different bandwidth and delay requirements. Those requirements are changed frequently by the application. We have to also consider the maximum available resources of the underlay. For example, if an end-to-end link is built upon 3 physical links, each has its own available bandwidth and delay. Then the maximum available bandwidth of the end-to-end link equals to the minimum available bandwidth (bottleneck) of all 3 physical links, the minimum guaranteed delay of the end-to-end link equals to the sum of all delays on the 3 physical links.
A. Problem formation
Problem: Find a multi-variable cost function which can simultaneously consider varied bandwidth and delay requests from the application and maximum guaranteed resources from the underlay network. The cost function must be able to assign increasingly higher costs for nearlysaturated end-to-end links to prevent congestion.
B. Single variable cost function
Assume we have on the end-to-end link i : A total available bandwidth of κ w , and a requested bandwidth of x w , we must find the bandwidth-type cost function: f (x w ). Since κ w is the maximum available bandwidth when using all available resources on link i, so 0 ≤ x w ≤ κ w . With time, according to the application's requirements, x w may be varied by an amount of ∆x w causing the cost to have the current value of f (x w + ∆x w ), so this current value of the cost function depends on:
• The previous cost: f (x w ), • The increment of cost which is proportional to: -The previous cost: f (x w ), -The ratio between the increment of requested bandwidth and the total requested bandwidth:
∆xw xw+∆xw , • The decrement of cost which is proportional to: -The ratio between the decrement of the remaining available bandwidth and the maximum available bandwidth
The total available bandwidth κ w can be estimated by the bandwidth in a bottleneck link of the end-to-end link. Solve the ordinary differential equation derived from (1), we find the bandwidth-type cost function:
We can see that, the required delay parameter (x d ) has a reversed characteristic against the required bandwidth parameter (x w ). Therefore, we obtain the delay-type cost function:
In which Φ and Ψ are constants of integration. For more explanation in details, please refer to [4] . The minimum available delay κ d can be estimated simply by pinging on the end-to-end link.
C. Derivation of the multi-variable cost function
We now try to derive the bandwidth-delay cost function u(x w , x d ) considering two independent QoS parameters: bandwidth (x w ) and delay (x d ) at the same time.
The general solution is:
Equation (4) provides us a general solution comprising of a family of arbitrary functions. The specific solution is therefore:
Recursively, we can see that, the specific multi-variable cost function equals to the average multiplication of all partial cost functions:
In general, we can build a cost function for as many variables as possible given separated partial cost functions. However, while a multi-variable cost function can consider many QoS parameters at the same time, it should be noticed that the multi-variable cost function does not always give a better result than the single-variable cost function. For example, the cost function with bandwidth, delay, and packet-loss can build a better multicast tree if many peers are using wireless access network with a high packet loss rate to join the multicast tree but when most of the peers are using a wired access network with a low packet loss rate, then that three-variable cost function may build a worse multicast tree than the two-variable cost function of only bandwidth and delay. Therefore, a N-variable cost function with N ≥ 3 should be designed and applied with care.
III. Video conference service in heterogeneous network (WiMAX+Internet) environment The distributed video conferencing service can be built from an overlay network of heterogeneous networks. For example, 2 participants can participate into the video conference session from a high-speed wireless network such as WiMAX, while others participate from fixed network or from the Internet. For supporting this video conferencing service on a heterogeneous network environment, we consider the following aspects:
• Scalable video coding (SVC): Using the temporal, spatial, quality or combined scalability of this scalable video coding method [13] , the video stream can adapt to the fast changing conditions and the variety of the participants' terminals in real time, • Multi-variable cost function: The cost function used to construct the overlay network must consider both application's requirements and network conditions at the same time to provide an adaptive overlay network on heterogeneous networks, The architecture of the evaluation platform is demonstrated in Fig.2 . In this architecture, each video conference participant is equipped with:
• Raw Video In/Out: The video stream from the camera in raw format before encoding and the raw video obtained from the network after decoding will go through this block, • Video Encoder/Decoder: The raw video will be encoded/decoded in SVC format in this block, • Video Hinter/Rebuilder: The Video Hinter will packetize SVC encoded units into RTP packets and add a hint track to the SVC bit-stream. We can consider the hint track as an in-band signaling for the SVC bit-stream. The Video Rebuilber will collect all data from sender's, receiver's dumpings and video trace files, take both the SVC encoded bit-stream and the hinted file at the sender into account and reconstruct a possibly-corrupted output SVC bit-stream at the receiver. The SVC re-builder must understand SVC NALU headers in order to properly rebuild the corrupted SVC bit-stream, • Video Sender/Receiver: The departure and destination of the video transmission.
Two participants participate into the overlay network using a real WiMAX underlay network. N (up to 1024) other participants are participating into the same overlay network by using an underlay network of simulated Internet topology. The overlay network is constructed from the multi-variable cost function introduced in section II. The multicast measurement block calculates the common overlay metrics obtained from the evaluation platform. They are: average link stress and average end-to-end delay.
• Average link stress: defined in terms of the mean value of identical packets due to overlay forwarding, carried over a physical access link. This metric is equal to 1 for IP multicast. The lower the average link stress, the better the performance, • Average end-to-end delay: Defines the average value of end-to-end delay on the entire overlay network. To see the adaptation of the newly proposed cost function in the real network conditions, we implement a testbed based on both the Oversim-based simulation platform and two real WiMAX terminals connecting to the simulated platform by using a real WiMAX access and core network. The Oversim-based simulation platform is reused from the previous simulation scenarios. The WiMAX access network comprises of an Acatel-Lucent base station (9710 C-WBS). The first WiMAX terminal is an Alcatel-Lucent 9799 PCMCIA card. The second WiMAX terminal is a Sequans USB card. IEEE 802.16e-2005 state of the art Scalable OFDMA based Technology is applied. The heterogeneous network is setup as illustrated in Fig.4. Fig.3 illustrates the integration between the Oversim-based simulation platform and the WiMAX access network. This simulation scenario emulates a video conferencing service built on top of the ALM network. The participants can be divided into two groups. The first group comprises of simulated peers participating to the ALM group from the INET [14] underlay network. We use 1 or 2 peer(s) participating into the ALM group from the WiMAX network using the OMNET++ single host underlay [15] . A tunnelling interface is set up to connect between the main ALM group and the external WiMAX peer(s). We compare the link stress and end-to-end delay performance on the WiMAX links and on average in two cases: using the conventional distance function (DistanceWiMAX, Distance-Average) and using the newly proposed multi-variable cost function (Cost-WiMAX, CostAverage). Fig.2 demonstrates EvalSVC and the performance evaluation of SVC transmission on overlay network based on heterogeneous of simulated Internet topology and real WiMAX network. The Application Layer Multicast tree is constructed using the newly proposed multi-variable cost function. Figure 5 shows that, the link stress for the WiMAX link is lower than the average value. It is because the nodes joining the ALM group from the WiMAX network are usually placed at the lower layers of the hierarchical distribution tree, therefore, the link stress on their links are usually lower than the average level of the distributed tree. However, the advantage is that, the link stress of the WiMAX link when applying the newly proposed cost function is lower than both the average level and the link stress when applying the conventional distance function. It means that, the multi-variable cost function can reduce the duplicated traffic of forwarding data on the WiMAX wireless link. This is a very important advantage of the new multi-variable cost function since the radio resource is usually limited and the lower duplicated traffic it has to transfer, the better quality it is. Regarding the end-to-end delay performance, the result in Fig.6 shows that the WiMAX link when applying the conventional cost function has the highest end-to-end delay followed by the case when the newly proposed cost function is used.
IV. Evaluation platform and measurement results

A. Settings of the evaluation platform
B. Evaluation results
V. Conclusion and future works
In this research, an evaluation platform for the scalable video conference service built from the new cost function and a heterogeneous environment of a simulated Internet topology and a real WiMAX network has been proposed. The scalable video conference service and the evaluation platform are used to evaluate the performance of the newly proposed cost function in the rapidly changing conditions of the heterogeneous network. The real measurement results collected from the real WiMAX deployment field have shown that the multi-variable cost function can adopt well to the heterogeneous network conditions and it can effectively improve the performance of the ALM-based media distributing tree. For future works, a new ALM can be designed based on the newly proposed cost function. The result can be further applied to improve the performance of any ALM algorithms who are using conventional cost functions to build their data delivery tree.
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